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ABSTRACT 
AN EXPERIMENTAL ANALYSIS OF THE TWO-STRING PROBLEM 
BY 
MARY ANN HENNEMAN, MASTER OF SCIENCE 
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Major Professor: Dr. Carl Cheney 
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The two-string problem (Maier, 1931) was used in an analysis 
of the contribution of experience in problem solving. In the two-
string problem subjects are shown two strings hanging from the 
ceiling and are instructed to tie the strings together. The 
strings are placed apart so that subjects are unable to grasp 
both strings simultaneously. The solution involves the use of 
items which are available in the vicinity of the strings. For 
example, a hammer can be used as a weight to make one string 
swing. The research comprised three separate experiments. The 
objective was to investigate environmental contributions, as 
opposed to invoking concepts such as "insight", to account for 
problem solving behaviors. The first experiment was an attempt to 
systematically replicate Maier's experiment. Twenty five college 
students solved the problem within the allotted time. The second 
Vii 
experiment sought to identify a population of subjects who would 
fail to solve the problem upon first exposure so as to allow for 
differential experience to be provided. Many Children, 5-9 years-
old, failed to solve the problem. The final experiment 
investigated the contribution of a variety of antecedent 
experiences to subsequent problem solutions by the younger 
subjects. Prior to the test, subjects in this experiment were 
exposed to one of three conditions; string games, a demonstration 
of objects used in non-traditional ways or control. 
It was determined that under the conditions of this 
experiment most subjects solved the problem. Of those who did not 
solve the problem, treatment conditions were effective in 
providing the subjects with problem solutions. The findings were 
interpreted and discussed in relation to Epstein's (1985) 
generativity theory. 
AN EXPERIMENTAL ANALYSIS OF THE TWO-STRING PROBLEM 
Many problem solving skills are executed every day by most 
people. Determining how to get to work each morning can be 
interpreted as a problem solving task. An individual must decide 
to drive one car or another, call a cab, walk, ride a bicycle, 
motorcycle, or car pool with neighbors. The manner in which 
people solve problems has long been an area of research interest. 
Investigators have generated a variety of labels: reasoning, 
creativity, intelligence, and insight, in an attempt to explain 
how problem solving behaviors occur. These terms are said to 
reference internal unobservable events. Accounts of problem 
solving in terms of internal events are of little value for 
teaching students the necessary skills to solve problems. 
current teacher education manuals describe several methods 
for teaching students problem solving skills. One often discussed 
method is called "creativity" training. According to Gordon and 
Poze (1980) "creativity is a lifestyle, a personality trait, a 
way of perceiving the world, and a way of living and growing." 
They suggest that what educators need to do is to teach 
creativity in order for students to be adequate problem solvers. 
"Living creatively means developing talents, learning to use 
abilities, and becoming what you are capable of becoming." The 
steps for teaching creativity according to Davis (1986) include: 
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understand, define, generate ideas, and evaluate ideas. 
Understanding is defined as reducing the problem to its simplest 
parts and recognizing the facts. Definition requires labeling 
each problem part and determining what each is and what it means. 
Generating ideas is a brainstorming activity where the individual 
makes a list of any and all ideas about the problem and its 
possible solutions. Evaluation consists of rank ordering ideas 
and determining which are workable and which are not. Teaching 
creativity in this fashion appears to be very much like what 
behaviorists call discrimination training and shaping (Skinner, 
1953). 
The contribution that the environment makes to problem 
solving is not clear. A pragmatic way of discussing problem 
solving is to a consider subject's previous experience. The 
greater the amount of experience that subjects have the more 
likely they are to be able to solve a unique problem. 
Observations of what those previous experiences were helps 
explain the meanings that people may attach to particular events 
and how they come to use objects. These past experiences provide 
behavioral repertoires that may later serve the individual who is 
confronted with a novel problem (Duncker, 1945; Maier & Janzen, 
1968). 
Reasoning is defined by Maier (1945) as the ability to 
utilize isolated experiences in novel combinations. As such 
reasoning implies that experiences can be recognized, 
reorganized, changed and 
problems. Problem solving 
employed 
then 
in 
is 
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the solution of novel 
dependent upon varied 
experience and is subject to modification and reorganization. The 
_person with more available experiences should be better prepared 
to solve novel problems. 
Relevant experiences alone are no guarantee that the 
solution will be executed however (Maier & Burke, 1966). 
Experiences must be appropriately selected from the subject's 
repertoire of behaviors in order to meet the requirements of the 
specific problem. The subject must be able to recall previous 
experiences and combine them in order to form a solution. 
Epstein's (1985) generativity theory is an objective 
description of how novel problem solving behavior may occur. This 
account suggests that previously established behaviors can come 
to manifest themselves in novel combinations, in new situations, 
to produce unique behaviors. The theory appeals to four 
operations; reinforcement, extinction, resurgence, and automatic 
chaining. Accordingly, all four of these operations occur 
simultaneously and continuously with all behaviors that can occur 
in a given environment. The execution of one behavior changes the 
probability that other behaviors will occur. The theory attempts 
to account for novel problem solving on a moment-to-moment basis. 
For example, in Epstein's (1981) Columban Simulation project, a 
moment-to-moment account using these operations was made of the 
observations of a pigeon solving Kohler's (1925) classic box-
and-banana problem. Occurrence of all four operations was noted. 
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To demonstrate problem solving behavior researchers have 
presented different tasks to subjects. One such task is Maier's 
(1930) classic two string problem. Subjects are shown two strings 
hanging from the ceiling and are instructed to tie the ends of 
the strings together. The strings are placed so that subjects are 
unable to grasp both strings simultaneously. The solution to the 
problem can either require hands-on physical manipulation of the 
strings using items that are part of the problem, or examining 
the problem and then in oral or written form describing a 
solution. 
The key to solving the two-string problem is to use the 
available items such as a hammer or a stick, in non-traditional 
ways. There are four categories of solutions: anchor, extension, 
hook, and pendulum (Maier, 1931). The subject may tie one string 
to a large object (anchor) placed part way between the two 
hanging strings, while the other string is brought over to it. 
One string may be lengthened (extension) with some extension 
material and the second string grasped with the other hand. The 
subject might hold one string and hook (hook) the other string 
with some object. A weight can be tied to one string and then 
placed into motion (pendulum) while the other string is held and 
the subject catches the swinging string. The solution involves 
5 
The purpose of the present series of experiments was to 
investigate systematically what contribution, if any, previous 
experience with components of the problem solution would serve in 
solving the problem and to analyze further this approach with 
regard to Epstein's (1985) generativity theory. The necessary and 
sufficient conditions for solving the two-string and other 
similar problems may be discovered using this method. 
There are many advantages to using Maier's two-string 
problem in an analysis of creativity. First, there are many 
possible solutions to the problem, and an analysis of the 
relationship between solution type and prior experience may 
reveal important components of generic problem solving skill 
development. Second, the problem can be conducted in a very short 
time, is inexpensive, and easy to conduct. These are important 
points when using younger subjects. Also the problem lends itself 
to the manipulation of a variety of independent variables and 
previous exposure experiences. For example, different 
instructions can be given to subjects before exposure, or the 
researcher can vary the materials available to the subject. An 
analysis of such manipulations will help in determining the 
necessary and sufficient conditions for creative problem solving. 
The research present was comprised of three separate 
experiments. The first experiment was an attempt to 
systematically replicate Maier's work. The second experiment was 
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designed to identify a population of subjects who would fail to 
solve the two-string problem. Experiment three investigated the 
contribution of different experiences with the component parts of 
the two-string problem and subsequent solution. 
Subjects 
Twenty 
enrolled in 
subjects in 
undergraduate 
subjects in 
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EXPERIMENT I 
METHOD 
five undergraduate students, 8 male, 16 female, 
Psychology 101 at Utah state University served as 
the hands-on experiment. An additional 132 
students from the same population served as 
the paper-and-pencil version of the experiment. 
Points towards final grades were given for participation. 
Apparatus 
The apparatus for the experiment was Maier's (1930) classic 
two-string problem as shown in Figure 1. Two, 9 ft. 6 in., 
strings (1/4 in) attached to 5 in. hooks hung from a 10 ft. 
ceiling. Using the farthest hooks, the strings were 17 ft. 4 in. 
apart. One string could be moved to another hook placed 16 in. 
nearer the other string. The strings were placed far enough apart 
so that subjects were unable to grasp both strings 
simultaneously. 
For the first six subjects in the hands-on experiment the 
available items were: a 20 gal. metal garbage can, wooden chair, 
3 ft. 6 in. wire, 3 in. C-clamp, empty cereal box, soft cloth 
FIGURE J 
8 
TWO STRING APPARATUS 
-------- 17' 4"------
J J 
I 
g· 5·· 
16" 
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TABLE 1 
THE AVAILABLE ITEMS IN TWO-STRING PROBLEM 
3 INCH METAL C-CLAMP (clamp) 
PLASTIC COFFEE CUP (cup) 
3 FOOT 6 INCH WIRE (wire) 
20 GALLON METAL GARBAGE CAN (G.C.) 
CARPENTER'S CLAW HAMMER (Hammer) 
EMPTY CEREAL BOX (box) 
SOFT FELT HAT (hat) 
3 INCH METAL SAFETY PIN (B.P.) 
#1 STICK 3 FOOT 9 1/2 INCHES (short) 
#2 STICK 5 FOOT 10 INCHES (long) 
10 
hat, carpenter's claw hammer, 3 in. metal safety pin, 
3 ft. 9 1/2 in. stick (short), wind-breaker coat, plastic 
coffee cup, and 2 ft. fish net. Subjects seven and eight had the 
fish net and chair removed. Subjects 9-25 had the coat removed. 
The final available items (Table 1) in the experiment were: 
garbage can, stick, wire, hammer, C-clamp, bag pin, cereal box, 
hat, and cup. 
A video camera was used to record on tape selected subjects' 
performance for later analysis. In addition, two trained 
observers recorded subjects' behavior on a standard data sheet. 
For the pencil-and-paper test the two string problem was 
diagramed on paper. Diagram #1 (Appendix A) included a list of 
available objects and Diagram #2 (Appendix B) did not. 
Procedure 
The examiner read the following instructions to all subjects 
in the hands-on experiment before exposure to the two-string 
problem: 
Your job in this experiment 
is to tie the two strings 
together. I will be present 
to record your activities. 
I am not permitted to 
assist you in any way. You 
will be limited to 10 
minutes. Do you have any 
questions? 
Questions were answered honestly, for instance if a 
11 
subject asked "May I use items in the vicinity?" They were told 
yes. 
Subjects who solved the problem in less than ten minutes 
were instructed to: "try and solve the problem in a different 
way." This instruction was repeated until the subject could no 
longer produce a solution, asked to quit, or 10 min had elapsed. 
After the first solution and 10 min had elapsed, each subject was 
asked to complete a questionnaire (see Appendix G). 
Subjects in the paper-and-pencil experiment were given 
either Diagram #1 or #2 and instructed as follows: "the strings 
would be placed on the hooks such that the individual could not 
reach one while holding the other. Your job is to tie the two 
strings together. You will be limited to 10 min to solve the 
problem. Please write your solution on the paper. Do you have any 
questions?" 
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RESULTS AND DISCUSSION 
All 25 of the subjects in the hands-on experiment solved the 
problem without verbal or mechanical assistance within the 10 min 
time limit. In total there were 110 solutions completed with a 
mean of 4.23 per subject and standard deviation of 2.41. There 
were eight solution types: 12.72% (14) anchor, 
25.45% (28) pendulum, 20.00% (22) extension, 6.36% (7) hook, 
7.27% (8) extension/hook, 26.36% (29) anchor/extension, 
.9% (l)extension/pendulum, and .9% (1) hook/ pendulum (Table 2). 
Solutions in which subjects used more than one piece of equipment 
have not been reported previously. For example, in this 
experiment a total of 35.43% (39) of the solutions executed were 
multiple-equipment solutions. Tables 3, 4, and 5 (Appendix J) 
show subject solution, solution order, and equipment used. 
A total of 59 of 132 subjects completed the paper-and-
pencil experiment with equipment and the remaining 73 completed 
the experiment with no equipment. A "partial solution" was a 
written example that solved the problem in part, and indicated 
that the subject would (probably) solve the problem in a hands-on 
experiment. For subjects with equipment 91.5% wrote appropriate 
solutions, 1.7% gave a partial solution, and 6.8% failed to 
produce any solution. More than one solution was produced by 
18.64% of the subjects. Multiple pieces of equipment were used to 
TABLE 2 
EXPERIMENT I SOLUTION TYPES 
SINGLE: 
TOTAL: 
PERCENTAGE: 
COMBINATION: 
PENDULUM 
28 
25.45% 
EXTENSION 
22 
20.00% 
ANCHOR 
14 
12.72% 
HOOK 
7 
6.36% 
ANCHOR/EXT HOOK/EXT 
8 
7.27% 
HOOK/PEND 
1 
.9% 
PEND/EXT 
1 
.9% 
TOTAL: 29 
PERCENTAGE: 26.36% 
TOTAL SUBJECTS= 25 
TOTAL SOLUTIONS= 110 
X = 4.23 (SOLUTIONS PER SUBJECT) 
S.d. = 2.41 
13 
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produce 45.8% of the solutions. Of the subjects with no equipment 
13.7% wrote appropriate solutions, 54.8% gave partial solutions, 
and 31.5% failed to produce a solution. An example of a solution 
with no equipment available was to remove a piece of clothing 
such as a sweater and use it to extend one of the strings. Only 
one subject wrote two different solution types. No subject 
produced a solution using more than one piece of equipment. 
The purpose of the experiment was to simply replicate 
Maier's (1930) two-string problem research. It was expected that 
very few of the subjects would demonstrate solutions without 
hints. Contrary to these expectations all hands-on subjects 
solved the problem without assistance. 
There are at least two hypotheses about the difference in 
results. First, the procedures used in this experiment may have 
been different due to a lack of clarity in Maier's articles 
(1930, 1931, 1945). The difference in procedures may, therefore, 
have produced the difference in results. Second, the verbal 
instructions and/or verbal hints given in previous research 
somehow actually interfered with the subject's demonstration of a 
solution. 
The conditions under which solutions to the two-string 
problem occurred were not elucidated in this experiment. Before 
the conditions for problem solving can be discovered, a 
population of subjects who fail to solve the problem needs to be 
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identified. All of the undergraduate subjects in the hands-on 
problem and a significant portion of the pencil-and-paper 
subjects solved the problem. Undergraduate students have 
behavioral repertoires rich with varied experiences and it is 
almost certain that subjects at that age have had experience 
using normal objects in nontraditional ways. 
Further research was needed to identify a population of 
subjects who failed to solve the two-string problem. Then it 
would be possible to expose them to specific experiences that 
might lead to different solutions. Hence, some of the necessary 
and sufficient experiences for problem solving may be identified. 
16 
EXPERIMENT II 
METHOD 
Subjects 
seventeen children 5-14 years old, (12 male, 5 female), 
served as subjects. Points exchangeable for edibles were given 
contingent upon activities in the experiment. 
Apparatus 
The apparatus was identical to that used in the first 
experiment (Figure 1). The items available from Table 1 were: 
garbage can, hat, stick, wire, cup, hammer, C-clamp, safety pin, 
and a cereal box. 
Procedure 
Subjects were read the following instructions before 
individual exposure to the two-string problem: 
Your job in this experiment 
is to tie the two strings 
together. I will be present 
to record your activities. 
I am not permitted to 
assist you in any way. You 
will be limited to 10 
minutes. Do you have any 
questions? You may ask 
questions during the project. 
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Subjects who failed to solve the problem in the 10 min were 
randomly divided into two groups and exposed to either Treatment 
1 or Treatment 2. Following the treatment exposure they were 
retested. 
Treatment 1 
Treatment 1 subjects were individually exposed to a series 
of string games (Table 6). The string games included board game 
bowling, yo-yo, paddle ball, and string pool. Subjects were 
instructed that they would be playing each game with the observer 
(See Appendix C). After playing the games (Approximately 10 min), 
each subject was again given the instructions about the two-
string problem and was asked to solve it. 
Subjects who failed again to solve the problem 
the following verbal hints until a successful 
were given 
solution was 
demonstrated: "Try to remember playing with the yo-yo", "What 
about the bowling game?","What if one of the strings was 
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longer?", "What if one of the strings was in motion?", "What if 
you tied something to one of the strings?" For data analysis, 
these subjects were recorded as "no solution". 
Treatment 2 
Treatment 2 subjects were individually exposed 
(Approximately 10 min) to a demonstration of objects being used 
in nontraditional ways (Table 7). For example: a shoe was used to 
hammer a nail into a board, a rock placed in a sock was used as a 
leg weight, a chewed up piece of gum was used to stick a piece of 
paper to the wall, a newspaper was folded into a hat. Each 
subject was then instructed to demonstrate verbally or 
mechanically the use of other objects in such nontraditional ways 
(Appendix D). After this experience, the subjects were again 
instructed about the two-string problem and asked to solve it. 
Subjects who failed to solve the problem were given the 
following increasingly helpful verbal hints until they 
demonstrated a successful solution: "Try to remember how you used 
objects just before this experiment", "How might you use the 
available objects to solve the problem?", "What if the one of the 
strings was longer?", "What if one of the strings was in 
motion?", "What if you tied something to one of the strings?". 
For data analysis, these subjects were recorded as "no solution". 
Subjects who solved the problem, before or after treatment, 
19 
in less than 10 min were instructed to: "try and solve the 
problem in yet a different way." This instruction was repeated 
until the subject could no longer produce a solution, wanted to 
quit, or 10 min had elapsed. Following problem solution each 
subject was asked to complete a questionnaire (Appendix G). 
RESULTS AND DISCUSSION 
Subject performance was organized into those who 
demonstrated solutions and subjects who did not. Six subjects 
failed to solve the problem. 
The 11 subjects who solved the problem (Table 8) 
demonstrated a total of 26 solutions with a mean of 1.44 and a 
standard deviation of 1.40. There were nine different solution 
types exhibited (Table 9): 15.38% (4) anchor, 
30.76% (8) pendulum, 7.69% (2) extension, 11.53% (3) hook, 
3.84% (1) extension/hook, 19.23% (5) anchor/extension, 
3.84% (1) extension/pendulum, 3.84% (1) anchor/extension/hook, 
and 3.84% (1) anchor/extension/pendulum. Multiple equipment 
solutions were done by 34.59% (38) of the subjects. Tables 11 and 
12 (Appendix K) show solution, solution order, and equipment 
used. 
Four of the six subjects who failed to solve the problem in 
the first exposure, solved it following treatment (Table 10). Two 
TABLE 8 20 
EXPERIMENT II SUBJECT DATA FOR SOLUTIONS 
AGE GENDER # OF SOLUTIONS 
8 M 1 
9 FM 2 
10 M 3 
10 M 3 
10 M 2 
11 M 1 
11 M 3 
11 M 2 
12 M 2 
13 FM 4 
13 M 5 
TABLE 6 
SINGLE: 
TOTAL: 
PERCENTAGE: 
COMBINATION: 
TOTAL: 
PERCENTAGE: 
EXPERIMENT II SOLUTION TYPES 
PENDULUM 
8 
30.76% 
ANCHOR/EXT 
5 
19.23% 
ANCHOR 
4 
15.38% 
HOOK/EXT 
1 
3.84% 
HOOK 
3 
11.53% 
EXTENSION 
2 
7.69% 
PEND/EXT 
1 
3.84% 
TRIPLE COMBINATION: 
TOTAL: 
PERCENTAGE: 
ANCH/EXT/HOOK 
1 
3.84% 
ANCHO/EXT/PEND 
1 
3.84% 
TOTAL SUBJECTS= 11 
TOTAL SOLUTIONS= 26 
X = 1.44 (SOLUTIONS PER SUBJECT) 
S.d. = 1.40 
21 
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TABLEl0 
EXPERIMENT II NO SOLUTION SUBJECTS 
AGE GENDER TREATMENT SOLUTION HINTS SOLUTION 
6 M 2 G.C./Anchor 0 
7 M 1 Wire/Hammer 0 
Extension 
10 FM 1 Pendulum 0 
14 FM 2 G.C./Anchor 0 
6 FM 2 0 3 G.C./ANCH 
9 M 1 0 1 WIRE/EXT 
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of the subjects experienced Treatment 1 and two received 
Treatment 2. These subjects demonstrated various solutions: 
2 anchor solutions, 1 pendulum solution, 1 extension solution, 
and 1 anchor/extension solution. Only one subject demonstrated 
two solutions: anchor and anchor/extension. The remaining two 
subjects failed to solve the problem in the second exposure and 
required verbal hints. The mean age of the subjects who failed to 
solve the problem was 8.6 years. 
The purpose of this experiment was to identify a population 
of subjects who failed to solve the two-string problem and then 
expose those subjects to experiences that might lead to solution. 
Based on the data, the experimenter identified the age range 
of 5-9 years for subjects in further research. 
During this experiment it was presumed that the treatments 
were the main experiences contributing to the demonstration of a 
solution following initial failure. It may also be, however, that 
time alone is a critical experience. Perhaps, the subject need 
exposure to the problem, fail to solve it, and then simply have 
time to consider the problem. Following this period of time, the 
subject may be just as likely to solve the problem as if exposed 
to one of the treatments. This possibility was incorporated into 
Experiment III. 
Two subjects who demonstrated pendulum solutions used 
no equipment. They managed to swing the strings hard enough and 
24 
stretch their bodies far enough to catch the strings. Both were 
female. More females attempted to run back and forth between the 
strings than males. Because of this the researcher moved the 
strings farther apart for females. A longer stick was introduced 
in Experiment III as required. 
During this experiment, it was observed that many of the 
subjects who readily solved the problem talked at a high rate. 
Initially, they asked questions. The questions primarily 
concerned if the problem could be solved, if they could move the 
strings, or if they could use the objects in the room. Following 
several such questions, many subjects maintained a high rate of 
audible verbalization. Many of their verbalizations appeared not 
to be directed toward anyone in particular. 
The subjects who failed to solve the problem did not ask 
questions concerning the objects and had a comparably low rate of 
audible verbalizations during the experiment. These subjects 
commented on the questionnaire that they were not aware that they 
could use the objects in the room, or ask questions during the 
project. This observation was made early in the experiment and 
the instructions to the problem were adjusted to read "You may 
ask questions during the project" in order to encourage subject 
verbalizations. 
No addition to the instructions was made about the 
availability of the objects in this experiment. It was the 
25 
researcher's contention that any verbal instruction about the 
objects might influence subject behavior. The results of this 
experiment suggest that for further research younger subjects may 
need to be instructed that they can use the objects in the room. 
26 
EXPERIMENT III 
METHOD 
Subjects 
Eighteen children 5-9 years old, (10 males, 8 females), 
served as subjects in the experiment. Points exchangeable for 
edibles were given following complete participation. 
Apparatus 
The apparatus was identical to that used in Experiment I 
(Figure 1). The available items were: hat, cereal box, safety 
pin, cup, hammer, C-clamp, garbage can, wire, stick (short), 
stick (long). Boys were given the short stick with the strings 
placed closer together. Girls were given the long stick with 
strings placed farther apart in order to compensate for their 
flexibility in catching the strings. 
Procedure 
Subjects were randomly divided into three groups; Control, 
Treatment 1, and Treatment 2. All subjects were read the 
following instructions before initial exposure to the problem: 
Design 
Treatment 1 
Your job in this experiment 
is to tie the two strings 
together. You may use the 
objects in the room. I will 
be present to record your 
activities. I am not 
permitted to assist you in 
any way. You will be limited 
to 10 minutes. Do you have 
any questions? You may ask 
questions during the project. 
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Treatment 1 subjects were individually exposed to a series 
of string games. These included board game bowling, yo-yo, paddle 
ball, and string pool. Subjects were instructed that they would 
be playing each game with the observer (See Appendix C). After 
playing the games, each subject received the instructions about 
the two-string problem and was asked to solve it. 
Subjects who successfully solved the problem were asked to: 
"try and solve it in a different way." This instruction was 
repeated until the subject could no longer find a solution, asked 
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to quit, or 10 min had elapsed. 
Subjects who failed to solve the problem were given verbal 
hints (Described in Experiment II) until a successful solution 
was demonstrated. 
Following solution of the problem, each subject was then 
.asked to complete the questionnaire. 
Treatment 2 
Treatment 2 subjects were individually exposed to a 
demonstration of objects being used in nontraditional ways 
(Described in Experiment II). Each subject was then instructed to 
demonstrate verbally or mechanically the use of other objects 
nontraditionally (Appendix D). After this experience, subjects 
were instructed about the two-string problem and asked to solve 
it. 
Subjects who solved the problem were instructed to: ''try and 
solve the problem in a different way." This instruction was 
repeated until the subject could no longer produce a solution; 
asked to quit or 10 minutes had elapsed. 
Subjects who failed to solve the problem were given 
increasingly helpful verbal hints (Described in Experiment II) 
until they demonstrated a successful solution. 
Following termination, each subject was asked to complete 
the questionnaire. 
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Control 
Control group subjects were individually given the two-
string instructions and then exposed to the problem. Subjects who 
solved the problem in less than 10 min were instructed to: "try 
and solve the problem in a different way." This instruction was 
repeated until the subject could no longer produce a solution, 
asked to quit, or 10 min had elapsed. Each subject was then asked 
to complete the questionnaire. 
Control subjects who did not solve the problem were moved to 
another room with an observer for 10 min Subjects were told to 
think about the problem and that they would have another chance 
to solve it. 
After this "time-out", subjects were again instructed about 
the two-string problem and asked to solve it. Subjects who then 
solved the problem were asked to: "try and solve the problem in a 
different way." These instructions were repeated until the 
subject could no longer find a solution, asked to quit, or 10 min 
had elapsed. Following solution, each subject completed the 
questionnaire. 
Subjects who failed to solve the problem within the time 
limit were given verbal hints until they successfully completed 
the problem. For data analysis, these subjects were recorded as 
"no solution''. Following solution, these subjects were also asked 
to complete the questionnaire. 
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RESULTS AND DISCUSSION 
Chi square was used to determine if there was a significant 
difference between Treatment 1, 2 and Control group subjects. The 
null hypothesis stated that the probability (Pi) of solving the 
two-string problem was the same in all groups, Pi= Po. The 
2 2 
finding of X = .0937 (df = 2), with a critical X = 5.99. 
Indicated that there was no difference between Control and 
Treatment groups. 
Since there were no main effects further analyses were not 
performed on solution type and treatment. Age was confounded 
with the experimental design (Table 13). 
TABLE 13 
EXPERIMENT III SUBJECT DATA 
CONTROL TREATMENT 1 TREATMENT 2 
M 9yr llmo S=3 M 9yr lmo S=l M 9yr llmo S=3 
M 9yr 3mo S=l M 8yr 9mo S=3 FM 8yr 6mo S=l 
FM 8yr llmo S=4 M 7yr Omo S=l M 6yr 9mo S=2 
FM 7yr 7mo S=l M 6yr Smo S=l FM 6yr 9mo S=3 
M 8yr Omo NS FM 6yr 4mo S=2 M 6yr 7mo S=l 
FM 6yr llmo NS FM Syr lmo S=2 FM Syr Smo S=l 
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The experimental design of this experiment was somewhat 
inappropriate. Treatments confounded with subject age. Subjects 
in the Control group were older than subjects in the treatments. 
Seven and a half years of age marked a breaking point in subject 
performance. Before that age subjects failed to solve the 
problem. From 7.5 to 9.5 subject performance varied; some solved 
the problem and some did not. From 9.5 years and older, subjects 
usually solved the problem without help. 
The main hypothesis tested in this experiment was that 
subjects exposed to the experience of either Treatment 1 or 2 
would be more likely than Control subjects to produce solutions 
to the two-string problem. This did not happen. 
There are several possible explanations for no difference 
between Treatment and Control group subject performance. The 
experimenter failed to identify the appropriate age of the 
population of subjects who failed to solve the problem in 
Experiment II. This was potentially due to an inadequate sample 
of subjects in Experiment II. In further research, children 5-7 
years-old should be used as subjects. Throughout Experiment II 
and III, these younger subjects failed to solve the problem 
without some treatment or time out experience. 
Secondly, the verbal instruction "you may use the objects in 
the room" could have produced an artificial inflation in 
~ 
demonstration of problem solution. The instruction focuses 
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subject attention on the objects. It may have skewed performance 
by suppressing the troublesome and irrelevant behavior that 
normally interferes with the solution. 
Third, the treatments may not have been sufficient. The 
treatments were designed to expose subjects to different 
'1 
components of the two-string problem. After exposure to the 
different components, it was expected that there would be a 
difference in solution production and/or solution type. Treatment 
1 and 2 resulted in the same production of solutions. Perhaps any 
experience with one of the component parts of the solution 
contributes equally to solution production. Either that or 
perhaps Treatment 1 and 2 exposed subjects to the same general 
experience. 
Finally, subjects may have been overwhelmed by the initial 
experimental environment. What the data might have revealed was 
that human subjects, especially children, need to adjust to the 
experimental environment. Many subjects noted on the 
questionnaire that they were initially "nervous", but felt "good" 
about the experiment once they began working on it. Treatment 1, 
2, and the 10 min time out may have provided the opportunity for 
subjects to adjust and relax in the experimental environment. 
A continuum of behavior was observed in Experiment I,II and 
III in the production of a solution to the two-string problem. 
Subjects first determined that the strings were not long enough 
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to reach one another without aid. This was done by grasping one 
string and walking toward the other and then stretching the arms 
or legs. Subjects appeared to measure the distance between the 
strings. Younger subjects, primarily females, attempted to catch 
the strings by running back and forth and swinging the strings. 
Next, the subjects identified the objects present (by looking 
directly at them) and then either used them, asked to use them, 
or did neither. 
Identifying the presence of the objects and determining if 
they could be used was an important element of the solution. When 
subjects were told that they could use the objects, the first 
part of the solution was revealed and many of the subjects 
skipped the usual steps only to later return to them. Initial 
steps that were skipped included measuring the distance between 
the strings and asking questions. Subjects often went directly to 
the objects, tried one or several that did not work, and then 
measured the distance between the strings.Following 
identification of the objects, subjects began selecting objects 
and either tried the objects or replaced them. 
GENERAL DISCUSSION 
There are many theories that purport to account for problem 
solving behavior. Piaget's theory of cognitive development is a 
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developmental-stage theory (Elkind, 1974). It suggests that 
problem solving ability occurs in a fixed sequence, with more 
complex patterns following initial ones. The sequence of stages 
is considered universal. On the surface it may appear that the 
present research supports Piaget's theory. Problem solving did 
occur in a very predictable pattern for subjects regardless of 
age. The reason for not interpreting this research with regard to 
Piaget's theory is that the theory really doesn't explain what 
conditions, other than biological maturation, contribute to the 
presence of problem solving behaviors. 
Kohler's research emphasized the concept of "insight", or a 
sudden reorganization of the elements of a problem into a new 
solution (Kohler, 1925). He suggested that problem solving 
occurred "all at once" in an "Aha!" experience through insight. 
The "insight" remained a permanent possession, enabling its 
possessor to act at once appropriately on subsequent occasions. 
The observations in this study clearly showed that problem 
solving developed in a progressive fashion for the two-string 
problem. 
Epstein's (1985) generativity theory is an objective 
description of how the two-string problem solutions may have 
occurred. The theory utilizes four functions: reinforcement, 
extinction, resurgence, and automatic chaining. According to the 
theory, all four occur simultaneously and continuously with all 
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behaviors that can occur in a given environment. 
The subjects' non-selection of items after picking them up, 
is one example of extinction. The subject looked at an object, 
identified its function/non-function, appeared to evaluate his 
idea in relation to the experimental environment, and then 
rejected the object apparently based on this evaluation. 
Extinction also occurred when an object was tried, but did not 
assist in reaching the string. The subject either replaced the 
object, selected another object to add to the first one, or used 
the object in a different way. 
Reinforcement was observed when an object brought the 
subject closer to solution. An example of this was when subjects 
attempted extension solutions, but selected items that were not 
long enough. The subject could almost reach the other string, but 
not quite. Often, the subject would then select additional items 
to attach to the first one in order to reach the string. Seldom, 
would the subject abandon the first item and return to the 
available items and select a single item long enough to bridge 
the gap between the strings. 
Resurgence was observed when subjects measured the distance 
between the strings, tried items, abandoned them, measured the 
distance between the strings, swung the strings, and then 
immediately selected an item previously used to bridge the gap 
between the strings. 
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An example of automatic chaining occurred when a subject 
tried the wire as an extension, didn't stretch it far enough out, 
failed to reach the other string, and then replaced the wire. The 
subject then remeasured the distance between the strings, began 
swinging the strings, and then picked up the clamp, tied it to 
the string, swung it, caught it, and tied the strings together. 
There are several suggestions for additional variables to 
be examined as a result of this study. The experiment could begin 
with the strings tied together. By starting with the strings 
together and having the subject untie them, initial doubts about 
the project being impossible or a trick would subside. This 
backward method may contribute to more subject solutions. 
To discover what exposure experiences are necessary, the 
treatments could be changed. There are many ways to alter the 
treatments. Young subjects have limited experience with 
structured environments and asking questions. A question and 
answer game might increase the number of questions the subject 
asks during the experiment and lead to the production of a 
solution. A perseverance game where subjects are reinforced for 
switching responses and are unsuccessful by persevering, may 
influence subject's behavior in the experiment. Subjects may 
attempt using more of the available objects and then eventually 
produce a solution. 
A final recommendation for further research would be to 
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translate the problem so that pigeons or rats could serve as 
subjects. By using animal subjects, the researcher could perhaps 
better account for differential subject experience, and avoid the 
pitfalls associated with human subjects. 
In order to translate the problem, the experimenter would 
have to teach the subjects a series of "traditional" responses 
and then require the subjects to use those responses 
nontraditionally in order to solve the problem. An example of 
such had been shown in the film ''Cognition, Creativity, and 
Behavior" (Research Press, 1981). 
Conclusion 
In attempting to explain and account for problem solving 
behaviors, a functional analysis of the subject's experience is a 
more useful approach then suggesting spontaneous generation of a 
solution by insight or cognitive processes. If insight was the 
necessary condition for problem solving, then subjects should 
have demonstrated solutions all at once instead of in a 
progressive fashion as supported by the data from this series of 
experiments. 
This study showed that given the conditions in Experiment I 
everyone solved the two-string problem. As conditions changed in 
Experiment II, including age of the subjects, some subjects 
failed to solve the problem. The addition of treatments prior to 
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exposure to the two-string problem was effective in subjects' 
producing a solution. 
A behavioral, experiential, explanation is more useful in 
accounting for problem solving behaviors by providing educators 
the necessary information and materials with which to teach 
students how to be skilled problem solvers. The skill can be 
broken down into its component parts and subjects can then be 
exposed to discrete units, units in pairs, and finally to the 
chain of behavioral units of problem solving. 
Naming behaviors as being due to "cognitive process" or 
"insight" does not explain the relevant variables for the 
necessary and sufficient conditions for new behaviors in solving 
the two-string problem. This study has added to our understanding 
of the conditions for solving the two-string problem. Further 
research is needed to isolate the necessary and sufficient 
conditions. 
39 
REFERENCES 
Davis, G. (1986). Creativity is Forever. Iowa: Kendall/Hunt. 
Duncker, K. (1945). On problem solving. Psychological Monographs, 
58: No. 5. 
Elkind, D. (1974). Children and Adolescents: Interpretive Essays 
on Jean Piaget (2nd ed.). New York: Oxford University Press. 
Epstein, R. (1985). Animal cognition as the praxist views it. 
Neuroscience & Behavioral Reviews, 9, 623-630. 
Epstein, R. (1981). On Pigeon and People: A preliminary look at 
the Columban Simulation Project. The Behavior Analyst, 4, 43-
55. 
Gordon W.J.J. & Poze T. (1980). The New Art of the Possible. 
Massachusetts: Porpoise Books. 
Kohler, W. (1925). The Mentality of Apes. New York: Harcourt 
Brace Jovanovich. 
Maier, N. (1930). Reasoning in humans I. On direction. Journal of 
Comparative Psychology, 10, 115-143. 
Maier, N. (1931). Reasoning in humans II. The solution of a 
problem and its appearance in consciousness. Journal of 
Comparative Psychology, 12, 181-194. 
Maier, N. (1945). Reasoning in humans. III. The mechanisms of 
equivalent stimuli and of reasoning. Journal of Experimental 
Psychology, 35, 349-360. 
40 
Maier, N. & Burke, R. (1966). Test of the concept of 
"availability of functions" in problem solving. Psychological 
Reports,19, 119-125. 
Maier, N. & Janzen, J. (1968). Functional values as aids and 
distractors in problem solving. Psychological Reports, 22, 
1021-1034. 
Research Press. (1981). Cognition, Creativity, and Behavior. 
Champaign, Ill. 
Skinner, B. F. (1953). Science and Human Behavior. New York: The 
Macmillan Company. 
.r:..rpe nd ix A THE TWO STRING PROBLEM 41 
SOLVE THIS PROBLEM, TIE THE TWO STRINGS TOGETHER. YOU 
CANNOT REACH ONE WHILE HOLDING THE OTHER. 
~--+-- ___ J_,~~---r 
TWO STRING APPARATUS 
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Appendix B 
THE TWO STRING PROBLEM 
SOLVE THIS PROBLEM, TIE THE TWO STRINGS TOGETHER. YOU 
CANNOT REACH ONE WHILE HOLDING THE OTHER. 
~-___._- ____ J _1_~---T 
TWO STRING APPARATUS 
TABLE 1 
AVAILABLE EQUIPMENT: Q 
CLAMP HAMMER 
CUP CEREAL BOX 
STICK HAT 
WIRE COAT 
GARBAGE CAN BAG PIN 
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Appendix C 
Table 6 
Available items in treatment 1: 
yo-yo 
Paddle ball 
Board game bowling 
Bonkers ( String Pool 
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Appendix C 
TREATMENT 1 INSTRUCTIONS 
During this part of the experiment, we are going to play 
some games. You will be able to earn points playing the games 
that can be traded in at the end of the experiment for candy. 
1) The first game 
the yo-yo to go 
is yo-yo : The first thing to do is to get 
up-and-down 10 times. (Experimenter 
demonstrates). Do you have any questions? 
The second thing to do is to let the yo-yo spin in the 
down position. (Experimenter demonstrates). Do you have any 
questions? 
You will receive 1 point for each part that you complete. 
You have 5 minutes to practice. 
2) The second game 
demonstrates). The object in 
is paddle ball.(Experimenter 
this game is to hit the ball with 
the paddle 10 consecutive times. Do 
may practice for 3 minutes. You 
consecutive hits. 
you have any questions? You 
will get 1 point per 10 
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APPENDIX C 
3) The third game is string bowling (Experimenter 
demonstrates). The object of this game is to knock as many pins 
down as possible with one swing. The equipment is one plastic 
ball on a string suspended from the ceiling and ten small plastic 
bowling pins. 
You will have three practices before the test game. You 
will be awarded one point per pin. 
4) The fourth game is bonkers. The equipment for bonkers is 
one rubber ball on a string suspended from the ceiling and four 
one quart size milk bottles. 
The object of the game is to knock over the milk bottles 
in the order they are numbered without hitting the center guard 
bottle (Experimenter demonstrates). 
You may have three practices before playing for points. 
The point system is: 5 points for #1 if hit first, 3 
points for #2 if hit second, and 1 point for #3 if hit third. Any 
bottle hit out of order will receive only one point. If the 
center guard is hit by a direct swing intended for another bottle 
a point will be subtracted from the score. There is no penalty 
for swings that miss all the bottles. You can keep swinging until 
all three bottles have been hit. 
Appendix D 
Table 7 
Available items in treatment 2: 
books 
paper 
shoe 
sock 
rock 
gum 
backpack 
newspaper 
brick 
nails 
Milk bottle 
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Appendix D 
TREATMENT 2 INSTRUCTIONS 
In this part of the experiment, we are going to be using 
objects in nontraditional ways. You will be able to earn points 
that can be traded in at the end of the experiment for candy. 
(Experimenter demonstration). 
Now I want you to figure out ways to use these objects in 
different ways . You may either show me how or tell me how you can 
use the items nontraditionally. You will be given 1 point per 
idea. 
(Hint if needed: What else can these objects do?). 
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Appendix E 
HINTS TREATMENT #1 
1) Try to remember playing with the yo-yo. 
2) What about the bowling game? 
3) What if one of the strings was longer? 
4) What if one of the strings was in motion? 
5) What if you tied something to one of the strings? 
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Appendix F 
HINTS TREATMENT #2 
1) Try to remember how you used objects just before this 
experiment. 
2) How might you use the available objects to solve the problem? 
3) What if one of the strings was longer? 
4) What if one of the strings was in motion? 
5) What if you tied some thing to one of the strings? 
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Appendix G 
QUESTIONNAIRE 
1) How did you figure out the solution to the problem? 
2) What helped you to solve the problem? 
3) How did the games help you to solve the problem? 
4) What were you thinking when you were working on the problem? 
5) How did you feel during the project? 
6) Can you describe any other way to solve the problem? 
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Appendix H 
PURPOSE/INFORMED CONSENT FORM 
Hello and welcome to Utah state University's behavior 
research laboratory. My name is ________ I will be with you 
in this phase of the experiment. 
The purpose of this research is to study human learning. It 
is not a measure of intelligence. 
I hereby give my consent to participate in this project. I 
will receive answers to questions regarding the project and may 
withdraw my consent and discontinue participation at anytime. I 
understand that all information that I give will be kept 
confidential. No person participating in the project will be 
identified by name in release of the findings of the study. 
Do you have any questions? Please sign the release form. 
Name (Print) Name (Sign) Date 
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Appendix I 
Parents Permission 
has my permission to participate 
in Mary Ann Henneman's research project in human learning at Utah 
state University's behavior laboratory. 
Parent Signature 
has my permission 
videotaped while participating in the research. 
to 
Parent Signature 
be 
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TABLE 3 
EXPERIMENT I 
ITEMS USED IN ORDER OF SOLUTION 
SINGLE ITEM USE 
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Tables 3, 4, and 5 list solution order and equipment used by 
subjects. For example subject 1 used the hammer for the # 7 
solution. Subjects 1-6 had a chair, coat, and fishnet in addition 
to the items listed in Table 1. Subjects 7 and 8 had the fish net 
and coat removed. Subjects 9-25 had the items listed in Table 1. 
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TABLE 4 
EXPERIMENT I 
EQUIPMENT USED IN ORDER OF SOLUTION 
MULTIPLE EQUIPMENT USE 
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TABLE 5 
rl WIRE Cf.MP STI< 
COA'i.' Cl!rt NET 
E XPERIMENT I 
EQUIPMENT US• 
MULTIP 
ED IN ORDER OF SOLUTION 
LE EQUIPMENT USE 
NET STICK STK STK STK STK WIRE WIRE W!llE wrnE 
C!IR COAT WIRE CLMP CC.Ml' Cl.Ml' 2UIP JIM!!-1. HAMM. G.C . 
D. P. CU? G.C. :•/!'HE li,\MM. n.P. G.C. Cl.MP 
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Appendix K 
TABLE 11 
EXPERIMENT II 
ITEMS USED IN ORDER OF SOLUTION 
SINGLE ITEM USE 
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